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clearance through which the lean gas is allowed to be supplied
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RICH-LEAN BURNER

BACKGROUND OF THE INVENTION

This application claims the benefit of Japanese Patent
Application Numbers 2011-066421 filed on Mar. 24, 2011,
the entirety of which is incorporated by reference.

FIELD OF THE INVENTION

This invention relates to a rich-lean burner (low NO,
burner) for use in a gas combustion apparatus such as a water
heater, the rich-lean burner including a lean-flame port from
which a lean gas is to be supplied, and a rich-flame port which
is disposed adjacent to the lean-flame port and from which a
rich gas is to be supplied.

BACKGROUND ART

In a gas combustion apparatus such as a water heater, a
rich-lean burner (low NO, burner) may be used which is
configured to form a main flame by burning air-fuel mixture
(lean gas) of which the air-fuel ratio is lower than a theoretical
air-fuel ratio of the gas at a lean-flame port, and to form a pilot
flame by burning air-fuel mixture (rich gas) of which the
air-fuel ratio is higher than a theoretical air-fuel ratio of the
gas at a rich-flame port disposed adjacent to each or one side
of'the lean-flame port. Among a variety of rich-lean burners of
this type is one which includes a lean-gas inlet, a gas passage,
a lean burner unit and a rich burner unit, as disclosed for
example in Japanese Patent Application Laid-Open Publica-
tion No. 2001-182910. The lean burner unit includes a flame-
port portion disposed at an upper side thereof. The flame-port
portion accommodates flame port unit having lean-flame
ports formed of slits. The rich burner unit is fixedly mounted
on an upper portion of the lean burner unit from the right and
left sides, and configured such that, once it is mounted, a pair
of gas inlets and gas passages, as well as rich-flame ports
disposed at the right and left sides of the lean-flame ports, are
formed.

In the rich-lean burner as described above, however, each
lean-flame port and the adjacent rich-flame ports are arranged
with a gap of a predetermined distance left therebetween to
form recirculation regions, in order to restrict interference
between the main flames formed at the rich-flame ports and
the basal portions of the pilot flames formed at the lean-flame
ports thereby stabilizing the basal portions of the main flames.
With this gap, the basal portions of the pilot flames at its
lean-flame port side would likely become unstable, which
resultantly causes the pilot flames to flutter, producing unde-
sirable noises and vibrations as the case may be.

To stabilize combustion of the pilot flames at the rich-flame
ports, Japanese Patent No. 4072088 describes an improved
configuration in which the upstream ends of the outermost
slits of the lean-flame ports are closed to thereby supply part
of the lean gas into the gap through a communication hole
formed in a partition plate defining an inner side of the out-
ermost slit and through an aperture formed in a partition plate
between the outermost slit and the gap.

The present invention is to provide a further improved
rich-lean burner where no holes are used in a partition plate in
which the partial supply of lean gas into the gap can be
ensured without using holes.

SUMMARY OF THE INVENTION

A first aspect of the present invention is to provide a rich-
lean burner which comprises a lean-flame port from which a
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lean gas that is a lean mixture of a gas and air is to be supplied
for combustion and a rich-flame port from which a rich mix-
ture of the gas and air is to be supplied for combustion. The
rich-flame port is disposed adjacent to the lean-flame port
with a gap having a predetermined distance being interposed
between the lean-flame port and the rich-flame port. A first
partition plate is disposed between the gap and the lean-flame
port, and a second partition plate is disposed between the gap
and the rich-flame port. One or more projections are provided
on at least one of the first and second partition plates. Each of
the projections protrudes from one of the first and second
partition plates with a distal end thereof being in contact with
the other of the first and second partition plates to keep the gap
at the predetermined distance. The gap is in fluid communi-
cation with a supply passage through which the lean gas is to
be supplied to the lean-flame port. A recessed portion is
formed at an interface region between the distal end of at least
one of the projections and the other of the first and second
partition plates adjacent to the lean-flame port. The recessed
portion is configured such that the distal end of the at least one
of the projections is partially not in contact with the other of
the first and second partition plates with a predetermined
clearance left between the distal end of the at least one of the
projections and the other of the first and second partition
plates. The recessed portion allows the lean gas to be supplied
through the clearance to the gap.

Inasecond aspect according to the first aspect, the recessed
portion is formed at the distal end of the at least one of the
projections.

In a third aspect according to the first aspect, the recessed
portion is at an area of the other of the first and second
partition plates corresponding to the interface region.

According to the configuration described above in the first
aspect, the partial supply of lean gas into the gap can be
ensured without using holes.

Further, according to the configuration with the additional
feature described above in second or third aspect, the recessed
portion can be formed at the same time as the at least one of
the projections or the other of the first and second partition
plates with which the projections are to be in contact are
formed. Therefore, the recessed portion can be obtained eas-

ily.
BRIEF DESCRIPTION OF THE DRAWINGS

The above aspect, other advantages and further features of
the present invention will become more apparent by describ-
ing in detail illustrative, non-limiting embodiments thereof
with reference to the accompanying drawings.

FIG. 1 is a perspective view of a rich-lean burner.

FIG. 2 is an exploded perspective view of the rich-lean
burner.

FIG. 3 is a plan view of a lean-flame port of the rich-lean
burner.

FIG. 4A is a sectional view taken along line A-A of FIG. 3.

FIG. 4B is a sectional view taken along line B-B of FIG. 3.

FIG. 5 is a sectional view of a lean-flame port as illustrated
to represent a modified embodiment of the rich-lean burner
shown in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

Exemplary embodiments of the present invention will be
described hereinafter with reference to the accompanying
drawings.

Referring to FIGS. 1 and 2, a rich-lean burner 1 includes a
lean burner unit 2 having lean-flame ports 13 configured to



US 9,091,436 B2

3

form main flames, and a rich burner unit 3 having rich-flame
ports 18 configured to form pilot flames.

The lean burner unit 2 includes two stamped metal plates 4
which are spot-welded and swaged together to have a gener-
ally flat shape. A flame port unit 5 is held between upper
portions of the two plates 4. The rich burner unit 3 includes a
stamped metal plate 6 which is bent and folded to have a
generally flat shape similar to the lean burner unit 2. An upper
end of the rich burner unit 3, has openings with connecting
pieces 7 left between the openings. The lean burner unit 2 is
mounted with its upper portion sandwiched between opposed
portions of the plate 6 from their thickness directions, and the
rich burner unit 3 is spot-welded and swaged to be combined
integrally with the lean burner unit 2.

The lean burner unit 2 includes an oval lean gas inlet 8
formed at one side edge of its lower portion and a lean gas
outlet 9 formed at an upper end of its upper portion in which
the flame port unit 5 is held by combining the two metal plates
4 together from the right and the left. The lean burner unit 2
further includes a U-shaped gas passage 10 disposed trans-
versely between the lean gas inlet 8 and the lean gas outlet 9.
A lower end of the gas passage 10 is connected to the lean gas
inlet 8, and an upper end of the gas passage 10 is connected to
the lean gas outlet 9. An upper portion of the gas passage 10
which is connected to the lean gas outlet 9 is shaped to form
apressure-equalizing chamber 11 tapered toward downward,
namely the longitudinal dimension being longer toward
upward. This configuration enables a distributed supply of
gaseous mixture (lean gas) from the upper end portion of the
gas passage 10 to the entire length of the lean gas outlet 9.

On the other hand, the flame port unit 5 is formed by
stamping a single sheet of metal, cutting and separating the
stamped sheet into six-fold separate belt-like partition plates
12 by trimming both edges (shorter sides facing in the longi-
tudinal directions) thereof, which in turn are neatly stacked
and folded at the both edges so that six lean-flame ports 13
each composed of five slits formed by the partition plates 12
disposed between adjacent slits are arranged longitudinally in
a single row. The end portions (facing in the longitudinal
directions with their edges trimmed away and folded down)
of the flame port unit 5 are held by the metal plates 4 at the
both ends of the lean gas outlet 9, so that the flame port unit 5
is held inside the lean gas outlet 9.

In the lean burner unit 2, as shown in FIGS. 3 and 4A, the
metal plates 4 located at the right and left sides of the flame
portunit 5 have ridges 14 (projections) which protrude toward
the flame port unit 5 and extend in the longitudinal direction.
The ridges 14 are formed in a vertically middle position of the
outermost partition plates 12A of the flame port unit 5 (note
that the outermost partition plates are indicated by the
numeral 12 with “A” appended as a suffix to make it distin-
guishable from the other partition plates). With these ridges
14, gaps 15 that are in communication with the pressure-
equalizing chamber 11 at an upstream side of the flame port
unit 5 are formed between each metal plate 4 and the corre-
sponding partition plate 12A inside the lean gas outlet 9
which holds the flame port unit 5. In other words, the partition
plates 12A and the metal plates 4 in this embodiment serve as
the first partition plate and the second partition plate, respec-
tively, as defined in the summary section of this description.

In addition, the ridges 14 have recessed portions 14a in
regions adjacent to the lean-flame ports 13, arranged in a
discrete manner, as shown in FIGS. 3 and 4B. The recessed
portions 14a are configured to protrude less by a predeter-
mined length than other portions of the ridges 14 so as not to
be in contact with the partition plate 12A. With these recessed
portions 14a, clearances 16 which establish communication
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between upper and lower spaces of the ridges 14 within the
gaps 15 are formed between each lean-flame port 13 and the
corresponding metal plate 4 which forms the ridge 14. As a
result, small amount of lean gas can be supplied to the gaps 15
through the clearances 16. In this embodiment, the ratio of the
amount of lean gas passing through the lean-flame ports 13 to
the amount of lean gas flowing the right and left clearances 16
is adjusted to be 9:1, and thus one-tenth of the lean gas is
supplied to the gaps 15.

On the other hand, the metal plate 6 of the rich burner unit
3 has inwardly protruding vertically elongated oval protru-
sions 17 formed in positions corresponding to the positions of
the connecting pieces 7, so that when the rich burner unit 3 is
mounted on the lean burner unit 2, the protrusions 17 (crests
or distal ends thereof) are in contact with the metal plates 4.
With this configuration, the rich-flame ports 18 disposed at
the right and left sides of the lean-flame ports 13 with the gaps
15 interposed between each rich-flame port 18 and the lean-
flame ports 13 are formed between the lean burner unit 2 and
the rich burner unit 3. Each rich-flame port 18 is divided by
the connecting pieces 7 into six regions located in positions
corresponding to the positions of the lean-flame ports 13
arranged in the longitudinal direction. A rich gas inlet 19 is
formed in the rich burner unit 3. The rich gas inlet 19 is
disposed above the lean gas inlet 8 at the right and left sides of
the lean burner unit 2. A gas passage 20 is provided to connect
the right and left rich gas inlets 19 to the rich-flame ports 18.

In operation, the rich-lean burner 1 configured as described
above is mounted to a mount frame (not shown), and gases are
injected from a nozzle block fixed on the mount frame into the
lean gas inlet 8 and the rich gas inlet 19. As a result, the lean
gas which is mixed with air for combustion is supplied to the
lean gas inlet 8 and passes through the gas passages 10. The
rich gas which is mixed with air for combustion is supplied to
inlet 19 and passes through the gas passages 20. Conse-
quently, the lean gas and the rich gas are jetted out from the
lean-flame ports 13 of the lean burner unit 2 and the rich-
flame ports 18 of the rich burner unit 3, respectively. By
starting the ignition device (not shown), such as discharge
electrodes, to set fire to the gases being jetted out, combustion
of the main flame a and the pilot flame b occurs at the lean-
flame ports 13 and at the rich-flame ports 18, respectively, as
shown in FIG. 4B.

During this combustion, most of the lean gas discharged
through the lean gas outlet 9 passes through each lean-flame
port 13 and is jetted out upwardly. However, part of the lean
gas passes through the clearances 16 formed at the both sides
of'each lean-flame port 13 in the gaps 15 as shown by arrows
in FIG. 4B and flows out upwardly from the gaps 15. Since the
lean gas flowing through the gaps 15 burns upon contact with
the basal end portions of the main flame a and the pilot flame
b at their gap 15 sides, the basal ends of the main flame a and
the pilot flame b are formed on and rises from the edges of the
opening of the gaps 15. Accordingly, the combustion speed,
particularly of the pilot flame b, at the gap 15 side is increased
and the combustion is stabilized.

With the rich-lean burner 1 according to the present
embodiment, the gaps 15 are configured to be in fluid com-
munication with the gas passage 10 through which the lean
gas is to be supplied to the lean-flame ports 13. Further, at the
interface regions between the distal ends of the ridges 14
provided on the metal plates 4 ofthe lean burner unit 2 and the
partition plates 12A, the recessed portions 14a are formed
such that the distal ends of the ridges 14 are partially not in
contact with the partition plates 12A with the predetermined
clearances 16 left between the distal ends of the ridges 14 and
the partition plates 12A. The lean gas is thereby allowed to be
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supplied through the clearances 16 to the gaps 15. As a result,
the partial supply of lean gas into the gaps 15 can be ensured
without using holes. Additionally, pilot flame combustion is
stabilized by supply of a small amount of lean gas to the gaps
15 and associated reduction in noises and vibrations can be
ensured.

Particularly, in this embodiment, the recessed portions 14a
are formed at the crests of the ridges 14 (distal ends of the
projections), so that the recessed portions 14a can be formed
at the same time as the ridges 14 are formed. In other words,
the recessed portions 14a can be obtained easily.

Although the recessed portions 14a which form the clear-
ances 16, in the above-described embodiment, are provided at
the ridges 14 in the metal plates 4 of the lean burner unit 2,
particularly in the regions corresponding to the positions of
the lean-flame ports 13, the recessed portions may be config-
ured in a different manner. For example, as shown in FIG. 5,
the ridges 14 provided in the metal plates 4 may be configured
to protrude in the same amount of protrusion entirely along
the length so as to be in contact with the partition plates 12A
atthe lean-flame ports 13 and recessed portions 21 are formed
in the partition plates 12A. These recessed portions 21 are
portions of the partition plates 12A partially recessed (pro-
trudes inwardly toward the center of the lean-flame ports 13)
in regions adjacent to the lean-flame ports 13, and configured
such that the crests of the ridges 14 are partially not in contact
therewith, to thereby make clearances 22 which provide fluid
communication between the upper and lower portions of the
ridges 14 within the gaps 15. In this alternative embodiment,
as well, the similar advantageous effects as in the embodi-
ment described above can be achieved. In this embodiment,
the recessed portions 21 are formed in the partition plates 12A
of'the flame port unit 5, and can therefore be formed easily at
the same time as the flame port unit 5 is formed.

Inthe above-described embodiments, the ridges protruding
inwardly are formed in the metal plates as a second partition
plate of the lean-burner unit. However, the ridges protruding
outwardly may be formed instead in the outermost partition
plate as a first partition plate of the flame port unit whereas
recessed portions having a smaller amount of protrusion may
be formed at the ridges partially in positions corresponding to
the lean-flame ports, so that clearances can be formed
between the ridges provided in the first partition plate and the
second partition plate. Similarly, recessed portions may be
formed at the second partition plate without varying the
amount of protrusion of the ridges, and such recessed portions
may be located in positions corresponding to the lean-flame
ports and configured to partially protrude outwardly, to
thereby form clearances. Furthermore, ridges may be formed
at both of the first and second partition plates, and recessed
portions may be formed at any one of the ridges; in this
configuration, as well, clearances can be formed.

The present invention may not only be applied to such a
rich-lean burner having rich-flame ports at both sides of the
lean-flame ports as in the above-described embodiments, but
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also to another type of rich-lean burner in which a rich-flame
port is formed at one side of the lean-flame port.

The configuration and arrangement of the flame port unit,
the number of lean-flame ports and rich-flame ports, the con-
figurations of the gas inlet and outlet and the gas passage may
be modified where appropriate.

What is claimed is:

1. A rich-lean burner comprising:

a lean-flame port from which a lean gas that is a lean

mixture of a gas and air is to be supplied for combustion;

a rich-flame port from which a rich mixture of the gas and

air is to be supplied for combustion, and which is dis-
posed outwardly adjacent to the lean-flame port with a
gap that vertically extends from a lower portion to an
upper portion of the burner and having an opening of the
gap being interposed between the lean-flame port and
the rich-flame port;

a first partition plate disposed between the gap and the

lean-flame port;

a second partition plate disposed between the gap and the

rich-flame port; and

aplurality of projections provided on at least one of the first

and second partition plates, each of the projections pro-
truding from one of the first and second partition plates
with a distal end thereof being in contact with the other
of the first and second partition plates to form the open-
ing of the gap having a predetermined size therebe-
tween,

wherein the gap is in fluid communication with a gas sup-

ply passage at the lower portion of the burner through
which the lean gas is to be supplied to the lean-flame
port, and

wherein a recessed portion is formed at an interface region

between the distal ends of the plurality of projections
and the other of the first and second partition plates
adjacent to the lean-flame port, the recessed portion
being configured such that in the interface region the
plurality of projections are partially not in contact with
the other of the first and second partition plates to form
areduced and predetermined clearance between the dis-
tal ends of the plurality of projections and the other of the
first and second partition plates in the gap that vertically
extends from the gas supply passage at the lower portion
of the burner to the upper portion of the burner, such that
the entire reduced amount of the lean gas is supplied
through the predetermined clearance to the opening of
the gap.

2. The rich-lean burner according to claim 1, wherein the
recessed portion is formed at the distal end of the plurality of
projections.

3. The rich-lean burner according to claim 1, wherein the
recessed portion is formed at an area of the other of the first
and second partition plates corresponding to the interface
region.



